S1 Determination of Gas Composition
The thermodynamic description of SAM formation requires the partial pressures of CH 3 SH, DMDS and H 2 . These were determined as follows: The UHV dosing pressure of CH 3 SH was assumed to be 100 times the chamber pressure. The hydrogen pressure was estimated based on mass spectrometry of the residual gas, assuming uniform hydrogen pressure in the vacuum chamber. For the high-pressure experiments (at 1 bar), a methanethiol-dimethyldisulfide equilibrium was assumed to establish immediately.
Knowledge of the composition of the entering gas (98 Vol% CH 3 SH, 2 Vol% DMDS) and the equilibrium reaction allowed the determination of the partial pressures of the different gaseous species. Note that this calculation procedure was necessary due to the low hydrogen pressure, which precluded accurate mass spectroscopic analysis.
The standard free energy change (in eV) of this reaction can be calculated as:
≈ ∆H 
We assumed variations in heat capacity and entropy from their value at 298K to be negligible. At equilibrium, the partial pressures of DMDS, H 2 and CH 3 SH are related to ΔG 0 through equation S3:
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To reach the equilibrium, the gas composition has to move away from the starting conditions determined by the inlet gas, a 0 CH3SH and a 0 DMDS , with a 0 the activity P/P 0 . Taking into account the stoichiometry of the reaction, this equilibration results in: 
S2 Supporting Experimental Information
S2.1 Assignment of ultrahigh vacuum saturation structure Figure S1 : Alternative appearance of methanethiolate SAM at ultrahigh vacuum saturation coverage. A 3 × √ 3 unit cell is indicated in blue. Imaging parameters: 10 nm × 10 nm, U s = -0.3 V, I t = 520 pA. S5 a ) t = 9 4 mi n , θ = 0 . 2 5 ML b ) t = 1 3 8 mi n , θ = 0 . 2 7 MLc ) t = 2 2 3 mi n , θ = 0 . 3 0 ML Figure S2 : Structural evolution of methylthiolate overlayer formation at room temperature. a) Low coverage structure showing partial self-assembly and partial two-dimensional lattice gas behavior. 40 nm × 40 nm, U s = -1 V, I t = 160 pA. b) Intermediate stage of self-assembly, showing large 3 × √ 3 areas. 80 nm × 80 nm, U s = -1 V, I t = 160 pA. c) Close to saturation coverage, where the surface is fully covered with the 3 × √ 3 structure. 80 nm × 80 nm, U s = -1 V, I t = 160 pA.The indicated coverage was calculated using the S 2p / Au 4f ratio from X-ray photoelectron spectroscopy, calibrated at saturation coverage.
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S3 Supporting Theoretical Information
S3.1 Simulated STM images of other 1 /3 ML structures Figure S3 : STM computations of other 1 /3 ML methanethiolate SAMs. The simulated STM image in c) corresponds to the structure in a), while d) corresponds to b). Both simulations were conducted for U s = -1 V.
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S3.2 Simulated STM images for 3 /8 ML structures Figure S4 : Simulated STM images of the 3 /8 ML structures investigated in this work. The simulations were conducted for U s = -0.5 V.
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S3.3 Structural Features Driving Monolayer Configuration
Several isomers have been modeled for the 1 /3 ML structures, starting with the simple adsorption of −SCH 3 units on the unreconstructed Au(111) surface (Fig. S5a) . Staple creation strengthens the Au-S interaction (Figs. S5b-e) by simultaneously binding S covalently to an Au-adatom and an atop terrace site. The associated energy gain is larger than the energetic cost to form the adatom. Thiol adsorption hence clearly restructures the surface. S1-S4 Figure   S5b describes the smallest unit cell (3 × √ 3) with trans staples. However, the shortest C-C distance is 3.29 Å (compared to 3.6 Å for the methane dimer S5,S6 ) resulting in steric repulsion. This methyl-methyl repulsion was computationally assessed by comparisons between particular modifications to the surface. For the structure in Figure S5b , for example, half of the vertical columns of staples was removed, yielding a 1 /6 ML coverage surface. The difference in adsorption energy (per thiolate molecule) between this structure and the structure in The specific staple organization displayed in Fig. S5c , observed experimentally elsewhere, S7,S8 yields the most stable isomer, although indistinguishable energetically to the structures in d and e using DFT. Alternatively, the repulsion can be relieved by forming a cis isomer (Fig. S5d ) or in a 6 × √ 3 unit cell (Fig. S5e) . Only this latter arrangement gives rise to the alternating dark and bright rows in the experimental STM image ( Fig. 1 a in the main text).
Relevant 3 /8 ML structures matching the 4 × √ 3 unit cell observed at high pressure and temperature combine a staple and an additional −SCH 3 adsorbate on the terrace (see Fig.   S6 and Fig. S4 ). The structure in Fig. S6a is based on the cis-motif seen above. However, the methyl-methyl repulsion, reflected in the smallest C-C distance of 3.28 Å, renders it energetically less favorable. The more stable isomers (b) and (c) are very close in energy, (c) optimizing the VdW contacts and yielding the best match between theory and experiment Figure S5 : Adsorption energy E ads of relevant methanethiolate adsorption structures with θ= 1 /3 ML, referenced to the clean surface and CH 3 SH and H 2 gas. The VdW contributions are included in the adsorption energy shown here, the ZPE and entropic contributions are excluded.
(see main text Figs. 1b, d, f). Figure S6 : Adsorption energy of various methanethiolate adsorption structures with θ= 3 /8 ML referenced to the clean surface and CH 3 SH and H 2 gas.
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S3.4 Relative thermodynamic stability of 1/3 ML and 3/8 ML structures Although Figure 5 in the main text shows that the 1/3 ML and 3/8 ML structures are stable with respect to the gas phase under the conditions where they where experimentally observed, they may not be the most stable structure relative to other adsorbate structures.
The transformation from the 1 /3 ML to the 3 /8 ML structure will occur when the surface free energy (∆G ads per unit area) is lower for the latter higher coverage than for the lower one. Our modelling does not reproduce such a crossing at any temperature. This could be explained by inaccuracies in both the calculated electronic energy and/or the entropy. A slight overestimation of the ∆E ads (in the order of 0.1 eV) could explain the absence of the phase transition according to our computations. Both the favorability of Au-S bond S9,S10 and adatom creation S11,S12 seem slightly overestimated by PBE. S13 Alternatively, the SAM might not be in equilibrium with an equilibrated gas phase, questioning the use of the gas-phase activities, making the entropy estimate inaccurate. Table S3 ). Table S3 : Temperature dependent corrections (in kJ/mol) to be added to E tot to obtain G tot (T) at 1 bar (for gases). For the surfaces, the actual correction is twice the value noted, since the frequencies have been computed for the "structure" and not for the "supercell" (see Table S2 ). 
